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Subsistence lifestyleSoil ingestion rates in the order of 400 mg d−1 have been proposed and considered plausible for use in human
health risk assessments (HHRA) of Aboriginal populations and justiﬁed by qualitative assessments of the tradi-
tional subsistence activities that could enhance soil ingestion. The purpose of this study was to assess and docu-
ment the subsistence activities and food consumption practiced by a First Nation Community living in a
wilderness community in Canada to allow for a comparisonwith the previous qualitative assessments of Aborig-
inal populations and a quantitative mass balance tracer element study of the community conducted concurrent-
ly. An ethno-cultural survey was conducted of the Xeni Gwet'in First Nations community living in the Nemiah
Valley, approximately 230 km west of Williams Lake, British Columbia. The community diet was observed to
consist mainly of ﬁsh and big game, and was supplemented by berries and roots. Outdoor cultural gatherings,
hunting and food gathering trips and sporting events, with their attendant potential for enhanced soil exposure,
were observed to be an important facet of community life. The survey concluded that a signiﬁcant portion of the
Xeni Gwet'in practise a lifestyle similar to the subsistence lifestyles of other indigenous communities, where soil
exposure scenarios in the order of hundreds of mg d−1 have been proposed.
© 2012 Elsevier B.V. Open access under CC BY-NC-ND license.1. Introduction
The predominant exposure pathway tomost heavymetals and non-
volatile contaminants in human health risk assessment (HHRA) of con-
taminated sites is via the direct ingestion of soil. Accordingly, the soil in-
gestion rate values employed in HHRAs permit site-speciﬁc decisions
regarding the potential effects of planned projects, contaminated site
management and remediation, as well as the development of soil qual-
ity guidelines. Soil ingestion may occur through the inadvertent inges-
tion of soil or dust particles that adhere to food, objects and hands, or
from the inhalation of re-suspended soil particles, typically between 3
and 10 μm particle size, which become trapped in the mucous linings
of the nasopharyngeal tract, bronchi, and bronchioles, and, then cleared
by mucociliary action and swallowed (Plumlee and Ziegler, 2006). Soil
ingestion may also occur via the deliberate ingestion of soil (i.e., soil
pica and geophagy), which can be a relatively common practice in in-
digenous peoples on all continents (Simon, 1998).
Rates of soil ingestion recommended by regulatory agencies (e.g.,
Health Canada, the US Environmental Protection Agency) for HHRAs
of contaminated sites are in the order of 20–50 mg d−1 for adults and
80–150 mg d−1 for toddlers aged 6 months to 4 years old (Table 1).
The primary studies thatwere used by the United States Environmental
Protection Agency (EPA, 1997; 2009) to develop the recommended).
NC-ND license.values for inadvertent soil ingestion (i.e., studies that have generated
primary soil ingestion data) are largely based on a few quantitative as-
sessments of relatively large numbers of children, augmented by smal-
ler studies of adults, living in suburban and urban locations under
controlled situations. As such, they are not necessarily representative
of populations living in rural or wilderness areas with occupations or
lifestyles that increase the likelihood of soil ingestion (Doyle et al.,
2010). Populations living in environmental conditions, such as those
found in the rural or wilderness regions characteristic of many regions
of Canada or that participate in activities that may be more vulnerable
to soil ingestion, are typically assigned soil ingestion rates from the
high conﬁdence intervals of soil ingestion rate distributions derived
from the aforementioned limited number of studies of children and
adults. For example, EPA recommends a default soil ingestion rate of
330 mg d−1 for a construction worker who is vulnerable to increased
exposures resulting from soil-disturbing activities such as site excava-
tion or vehicle trafﬁc on unpaved road. This value is based on the
upper 95% quantile soil ingestion estimate for adults reported by
Stanek et al. (1997) (EPA, 2002). Similarly, Harper et al. (2002, 2005)
recommend a soil ingestion rate of 400 mg d−1 for risk assessments
of Aboriginal peoples following subsistence lifestyles in the plateaus of
the North-western United States. This exposure rate represents the
upper bounding ingestion estimate for children recommended by the
EPA, and is based on the assumption that traditional Aboriginal activi-
tieswill have similar soil contact levels to those of construction and util-
ity workers. In the absence of quantitative soil ingestion rate values
Table 1
Summary of soil ingestion rates (mg d−1) recommended by regulatory agencies for
HHRA for use in HHRA (adapted from Wilson Consulting, Meridian Environmental,
2006).
Regulatory agency Infant
(b6 mo.)
Toddler
(>6 mo.–4 yr.)
Child/teen
(>4 yr.–19 yr.)
Adult
(>19 yr.)
United States EPAa 100 50 50
Health Canada 20 80 20 20
United kingdom DEFRAb 100 100 100 60
Netherlands RIVMc 150 50
World Health
Organization
20
a United States Environmental Protection Agency.
b United States Environmental Protection Agency.
c Netherlands National Institute of Public Health and the Environment.
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style, these values are reasonable.
The purpose of this study was to assess and document the tradi-
tional food consumption and harvesting activities of a Canadian Ab-
original community, and to determine if they are equivalent to
those underpinning the exposure scenario for subsistence lifestyles
reported in Harper et al. (2002, 2005), and accordingly, may experi-
ence elevated soil ingestion rates. This focus follows out of the recom-
mendation made by Doyle et al. (2010) to conduct pre-study soil
surveys of areas inhabited by the subjects to ensure that the assess-
ments are focused on activities where the potential for soil ingestion
is high and limited to areas where variability in soil tracer concentra-
tions is low. The study was comprised of an ethno-cultural survey of
the traditional food consumption and activity habits of the Xeni
Gwet'in First Nations community from the Nemiah Valley, British Co-
lumbia, and was performed concurrent with and to compliment a
mass balance soil ingestion study of subjects from this community
participating in traditional ﬁshing activities. The results of the mass
balance soil ingestion study are reported separately in this journal
issue. Thus, the results of this study will provide a basis and context
for future comparison with our quantitative mass balance tracer ele-
ment study of the Xeni Gwet'in community and qualitative exposure
assessments of Aboriginal populations in the United States. The infor-
mation will be useful in the development of soil exposure assessment
to support HHRA Aboriginal communities in Canada.
It is important to note that this study is not intended to establish
the proportion and demographics of the community that practise tra-
ditional activities and consume traditional foods, but rather a survey
of intentionally selected members of the population that are likely
pre-disposed to soil ingestion by practising a traditional lifestyle.
Thus, the data in this study are intended to be used in risk assess-
ments of those who are potentially the most exposed to soil borne
contamination via ingestion.
2. Description of site and study population
The study area is located in the Chilko River watershed in the Car-
iboo Forest Region of British Columbia Region and within the tradi-
tional lands of the Xeni Gwet'in First Nation (Fig. 1). The traditional
lands of the Xeni Gwet'in First Nation generally represent the land
enclosed by Chilko Lake (Tsilhqox Biny) and the Chilko River (Tsilh-
qox) to the west, and the Taseko River (Dasiqox) to the east, with a
southern boundary running through the Nemiah Valley (Xeni)
(Supreme Court of British Columbia., 2007). The area encompasses
plateau, glaciated mountains and transition zones of the Chilcotin
and Paciﬁc Ranges. The study area has a moderate continental climate
with cold winters, warm summers and relatively low levels of precip-
itation that includes the Sub-Boreal Pine-Spruce zone, transitioning to
a Montane Spruce zone at higher elevations. It is characterized bycold, dry winters and cool, dry summers. The forest cover is dominat-
ed by upland coniferous forests comprised of mostly lodgepole pine
(Pinus contorta) and, to a lesser extent, white spruce (Picea glauca)
and trembling aspen (Populus tremuloides). The surrounding moun-
tains fall into either the Engelmann Spruce–Subalpine Fir zone or
the Alpine Tundra zone. These areas are characterized by cool, short
growing seasons and long, cold winters in the lower altitudes, and
harsh alpine conditions with low growing season temperatures and
a very short frost-free period. The study area supports a wide range
of shrubs, ﬂowers, berries and non-timber forest resources that are
used as traditional food or medicines (Powell, 2005). These ecosys-
tems also provide a diversity of habitats to support a wide range of
large and small mammals and fowl (Meidinger and Pojar, 1991;
BCMOE, 2011) that can be used as food sources. Moreover, the glacier
fed Chilko Lake and Chilko River watershed provides habitat for a
large number of ﬁsh species, including a large population of migrato-
ry salmon (Holmes, 2001).
The study was conducted in cooperation with the Xeni Gwet'in
First Nation community residing in the Nemiah Valley approximately
230 km west of Williams Lake. Formerly known as the Nemiah Band,
the Xeni Gwet'in are 1 of 6 Tsilhqot'in First Nation communities resid-
ing in the Chilcotin Plateau and Chilcotin Mountain Range in British
Columbia. There were no engineered roads into the community be-
fore 1973 and supplies could only be obtained after a 3-day horse
and wagon trip to Lees Corners (Hanceville) or a 1-week ride to Wil-
liams Lake. To sustain themselves before the road was constructed,
the Xeni Gwet'in raised cattle and trapped through the winter, and
gardened, hunted and ﬁshed in the spring and summermonths. Inter-
action with the Europeans was limited to an annual trip to drive cattle
for sale and to buy seeds and dry goods in Williams Lake (Xeni
Gwet'in, 2011). An engineered road was constructed by the Canadian
Army Corps of Engineers in 1973 from Konni Lake to highway 20 at
Hanceville. The Nemiah Valley is not connected to the provincial
power grid and many households do not have access to refrigerators
and freezers for the longer term storage of fresh foods. The Aboriginal
Affairs and Northern Development Canada proﬁle of the Xeni Gwet'in
First Nations provides a summary of demographic statistics for the
community (INAC, 2011). As of 2011, there were 204 registered
members of the Xeni Gwet'in First Nation (106 males and 98 females)
living in their traditional lands, sometimes referred to as the Brittany
Triangle (Tachelach'ed), and 206 members living outside of their tra-
ditional lands. Of the resident population, over 75% have an under-
standing of their Aboriginal language (Tsilhqot'in) and over 70%
speak it at home. Unemployment in the area is over 30% and most
of the jobs in the Nemiah Valley (approximately 40%) are afﬁliated
with the management of the First Nations Government, or Federal
and Provincial government social sciences and services. Although
the community is small, the people of the Nemiah Valley have dem-
onstrated a strong sense of their history and determination to protect
their land and their traditional way of life. This determination to pro-
tect their traditional lifestyle was articulated in the August 23, 1989
Declaration to protect the Nemiah Aboriginal Wilderness Preserve
(Xeni Gwet'in, 2011), that included the following statement:
“This is the spiritual and economic homeland of our people. We
will continue in perpetuity: a) to have and exercise our traditional
rights of hunting, ﬁshing, trapping, gathering, and natural re-
sources; b) to carry on our traditional ranching way of life; c) to
practice our traditional native medicine, religion, sacred, and spir-
itual ways.”
3. Methods
A formal agreement with the subject community and approvals
from the Health Canada and the University of Ottawa Research Ethics
© Province of British Columbia. All rights reserved.
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Fig. 1. Map of the study area with an inset showing the location of the study area within British Columbia. Shaded areas denote BC Provincial Parks and protected areas.
106 J.R. Doyle et al. / Science of the Total Environment 424 (2012) 104–109Review Boards (REBs) were obtained before the research was
conducted.
The elders and community members were surveyed at a tradition-
al gathering of the Xeni Gwet'in held at a camp site at Location C
(Fig. 1) between August 14 and 21, 2010, and at Location B (Fig. 1) be-
tween August 29 and September 4, 2010. A translator was made
available for those interviewees who wanted to conduct the inter-
view in their native Tsilhqot'in language. Fourteen community mem-
bers and elders (approximately 7% of the resident population of the
community) were interviewed to determine the types of traditional
and other locally-sourced foods consumed, the preparation and pres-
ervation methods for the traditional foods, and the scope, location
and frequency of traditional activities practised by community mem-
bers. Ten of the 14 interviewees were selected by the community as
individuals likely to consume traditional foods and participate in tra-
ditional activities. The remaining 4 interviewees were selected from
the subjects participating in the aforementioned mass balance soil in-
gestion study. The scope, location and frequency of traditional activi-
ties followed by community members were collected through a series
of scripted questions in a survey form. As speciﬁed in the Memoran-
dum of Understanding with the Xeni Gwet'in First Nation Govern-
ment, the survey did not provide a comprehensive and quantitative
assessment of traditional foods and medicines consumed by the com-
munity in respect of their traditional knowledge property rights.
4. Results
The age distribution of the interviewees was balanced, with 4 sub-
jects less than 30 years old (28.5%), 5 subjects between 31 and
50 years old (35.75%), and 5 older than 60 years old (35.75%). Six in-
terviewees were female and 8 were male. A summary of the re-
sponses to the interview questions asked during the ethno-cultural
survey is provided in Table 2.
It was observed that traditional foods are consumed throughout
the year and in all seasons. Locally sourced traditional foods repre-
sented a major portion of the diet with 12 of 14 interviewees report-
ing that 50% or more of their diet was traditional food. Moreover, all
interviewees reported eating traditional foods all of their life,whereas the consumption of store bought foods varied and often in-
cluded only the period since the opening of the road into the Nemiah
Valley in 1973. Six of the 14 interviewees reported having a garden or
obtaining some of their diet from local gardens. It was also noted that
the short growing season in the Nemiah Valley made the growing of
vegetables difﬁcult; however, this problem was mitigated somewhat
by a program to build greenhouses in the community. It was also
noted by several interviewees that consumption of traditionally
sourced or grown foods was an economic necessity and/or deemed
to be culturally important.
Large game and ﬁsh were the most frequently consumed tradi-
tional food items. Twelve of the 14 interviewees consumed large
game more than 2 times per week and 11 of 14 interviewees con-
sumed ﬁsh more than 2 times per week. Large game animals typically
consumed were moose (Alces alces) and/or mule deer (Odocoileus
hemionus). To a lesser extent, bighorn sheep (Ovis canadensis), black
bear (Ursus americanus), and mountain goat (Oreamnos americanus)
were consumed by older community members (i.e., over 30 years
old). Cougar (Felis concolor) and lynx (Lynx canadensis) were also
reported as food items. Caribou (Rangifer tarandus) is also hunted in
areas north of the Nemiah Valley (e.g., near Tatla Lake). The most
common method for preserving large game for later consumption
was drying (13 of 14 interviewees), followed by freezing (5 inter-
viewees) and canning (4 interviewees). All parts of the animal were
reported to be eaten, including the heart, liver, nose, tongue and mar-
row of large bones, which is considered a delicacy; however, con-
sumption of the organ meats and offal tended to be by older
community members only. Meats were eaten fresh and prepared by
frying, boiling roasting over ﬁres, or eaten in their preserved forms,
as in the case of dried or canned meat.
Chinook salmon (Oncorhynchus tshawytscha) and Sockeye salmon
(Oncorhynchus nerka) were the most commonly consumed ﬁsh, regu-
larly eaten by all interviewees except 1 who would become ill after
eating ﬁsh. Large (Oncorhynchus mykiss) quantities of these ﬁsh are
caught during their spawning migration up the Chilko watershed in
August and September and stored for winter. Other ﬁsh species,
such as Kokanee (non-migrating Sockeye salmon), Dolly Varden (Sal-
velinus malma), bull trout (Salvelinus conﬂuentus), rainbow trout (O.
Table 2
Summary of traditional foods and activities practised by members of the Xeni Gwet'in community interviewed in August, 2011.
Traditional food or activity/interviewee I-1 I-2 I-3 I-4 I-5 I-6 I-7 I-8 I-9 I-10 I-11 I-12 I-13 I-14
Age (years) 72 54 45 64 60 29 29 85 44 87 47 50 24 20
Sexa F F M F F F M M M F M M M M
Seasonality — proportion of year
consuming traditional foods (mos./yr.)
12 12 12 12 12 12 >10 12 12 12 12 12 12 12
Proportion of diet from traditional foods (%) 50 50 20–40 >80 50 b25 60–80 60–80 50 30–80 50 50 50 50
Traditional food consumption (% of life) 100 100 100 100 100 100 100 100 100 100 100 100 100 100
Store-bought food consumption (% of life) 25 75 50 50 75 100 100 b10 75 33 100 100 100 100
Do you have a garden Y Y Yb Y N N N N N Y N N Y N
Frequency of wild food consumptionc
Big game animals D D M D D D D D F O, S D D D F
Small game animals O R R R R N O M, O O O, S F M, S O O
Water and game birds R R R R N N O R O, S O, S R, S M, S N R
Fish F F M F F N F D D M, S D D F F
Vegetation, berries, plants O, S O, S O, S F, S M, S F F D, C, N O, S F F D O O
Roots/tubers O, S O, S O, S R R O, S O, S N O, S O, S O, S F, S N O
Mushrooms N N N N N N N N O, S O, S O, S NA N N
Other N N N N N N N N N N N R N N
Wild food preservation methodsd
Big game animals Δ, Ω Δ, Ω Δ, Φ, Ω Δ, Γ, Φ Δ, Φ, Γ Φ, Ω Δ, Ω Δ, Ω Δ, Γ, Ω Δ, Γ, Ω Ω, Δ, Φ Δ, Ω Δ, Ω Ω, Δ
Small game animals Ω Ω Δ, Ω Ω Ω N/A Ω Δ, Ω Ω, Δ Ω Ω Ω, Δ, Ψ Ω Ω
Water and game birds Ω Ω Ω Ω N/A N/A Ω Ω Ω Ω Ω Ω N/A Ω
Fish Δ, Ω Δ, Ω Δ, Ω Δ, Ω, Γ Φ, Δ N/A Δ, Ω Ω Δ, Ω Δ, Ω, Γ, Φ Δ, Ω, Ψ Δ, Ω, Γ Δ, Ω Δ, Ω
Vegetation, berries, plants Ω Ω Ω, Δ Ω, Δ Ω Γ, Δ Ω, Γ Δ, Γ, Ω Ω, Γ Ω, Γ Ω, Γ Ω, Γ, Δ Ω, Γ, Δ Ω, Γ
Roots/tubers Ω Ω Ω Ω Ω Ω Ω N/A Ω, Δ Ω Ω Ω Ω Ω
Mushrooms N/A N/A N/A N/A N/A N/A N/A N/A Ω Ω, Δ Ω N/A N/A N/A
Frequency of participating in traditional
activities (times/year)
Traditional gatherings 4 4 5–6 5 5 5 4 4 5–6 10 4 5 2 3–4
Plant/medicine gathering 0 3–4 1–2 1–2 1 7 1 0 b1 1–2 2 4 2 2
Fishing/hunting 0 0 1–2 72 >25 >25 0 2–3 >50 2–3 >100 >100 >50 >50
Rodeo 3 10 3–4 2 1–2 2 5 2–3 1–2 5–6 2 2–3 1 3
Ranching or Horse Work No No Yes No No Yes Yes Yes No No No No No No
a M—male, F—female.
b Obtains some of his vegetables from his mother's garden.
c Frequency legend: D—daily >6 times/week, F—frequently (~2–4 times/week), M—moderately (~1–4/month), O—occasionally (b12 times/year), R—rarely (1 time/2 to 5 years),
S—seasonally (when seasonally available), N—never.
d Preservation techniques legend: Δ—dried, Ψ—smoked, Φ—frozen, Γ—canned, ΩN—not preserved (i.e., eaten fresh), N/A—not applicable.
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(O. mykiss), longnose sucker (Catostomus catostomus) and white
sucker (Catostomus commersoni) are also eaten. Preparation methods
reported for ﬁsh included frying, roasting over open ﬁres, baking or
boiling. Suckers are sometimes impaled on a stick, then roasted over
a ﬁre and eaten. Big game and ﬁsh were typically eaten fresh in sea-
son (e.g., in autumn during the Sockeye and Chinook salmon spawn-
ing runs) or dried and stored for later consumption. Game meat is
typically cut into thin strips, salted and hung on racks to dry (Fig. 2a
and b). The smoke from a small green willow ﬁre lit under the drying
racks is maintained to keep ﬂies off the meat. Drying was the predom-
inant method for preserving ﬁsh, as reported by 12 of 13 interviewees
who ate ﬁsh. Fish are gutted and the eggs (if present) and heads re-
moved and retained. The ﬁllet portions of the ﬁsh are then splayed/
butterﬂied into one continuous thin layer, salted and dried on racks
(Fig. 3a and b). Salmon are hung for 3–5 days to reach the proper
level of dryness, which is determined by pressing the ﬂesh for ﬁrm-
ness (similar feel as when pressing a well done steak). Fish eggs
and heads are also dried. Smoke from a small ﬁre is also used to
keep ﬂies off of the drying ﬁsh. Fish were also frozen, canned or
smoked. Some interviewees now freeze food items; however, this op-
tion is not available for many community members as electricity to
power freezers is limited to those households with solar/diesel gener-
ator power.
A wide range of small game and waterfowl also represent an im-
portant contribution to the diet of the community members inter-
viewed. Groundhogs (Marmota monax) and wild chicken (i.e., blue
grouse or Dendragapus obscures) were the most common smallgame food items reported. Beaver (Castor canadensis), muskrat
(Ondatra zibethicus) and rabbit are also commonly consumed. It was
also noted by some of the interviewees that consuming small game
was in decline commensurate with the decline in back country travel
by horseback, where these animals were hunted for food during the
journey. Waterfowl, such as ducks (mallards (Anas platyrhynchos),
redheads (Aythya americana)) and Canada geese (Branta canadensis)
are eaten when available; however, several interviewees noted that
they are less popular as food items than in the past because of fears
that they may have fed in polluted waters during their migration. Por-
cupine (Erethizon dorsatum) has also been eaten in the past, but is no
longer found in the area. One interviewee reported eating Ptarmigan
(Lagopus sp.). Small game and waterfowl are usually eaten fresh,
fried, roasted or boiled and only occasionally dried.
The traditional plants consumed by the interviewed community
members were predominated by the wide variety of berries available,
medicinal plants and herbs, and the roots of wild plants. Questions re-
lating to speciﬁc medicinal plants gathered and consumed were not
included in the survey to protect the Xeni Gwet'in traditional knowl-
edge; however, the frequency of gathering these items was discussed.
Wild berries were eaten by all interviewees and at least twice per
week by 50% of the community members surveyed. Wild berries
that are regularly eaten include soopolallie (Sheperdia canadensis,
used to make Indian Ice Cream), huckleberry and blueberry (Vacci-
nium spp.), raspberry (Rubus idaeus), Saskatoon berry (Amelanchier
alnifolia), gooseberry (Ribes lacustre), choke cherry (Prunus virgini-
ana), and strawberry (Fragaria virginiana), which were eaten fresh
when in season, or canned or made into jams for non-seasonal use.
ba
Fig. 2. a. Moose meat being cut into thin strips and prepared for drying. b. Moose meat
being dried on racks in open air.
b
a
Fig. 3. a. Sockeye salmon being butterﬂied and prepared for drying. b. Sockeye salmon
being dried on racks in open air.
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and then stored. Wild rhubarb (presumably cow parsnip or Hera-
cleum lanatumis) was another plant eaten, either raw or stewed and
canned. Consumption of leafy plants was not reported by the inter-
viewees, except for Labrador tea (Ledum groenlandicum), which is
dried then steeped into tea and drunk. Roots and tubers were also
an important source of traditional food. Wild potatoes (Claytonia lan-
ceolata) and bear tooth (Erythronium grandiﬂorum) were common
food items consumed by members of the Xeni Gwet'in community
(Powell, 2005). Thirteen community members interviewed included
wild potatoes in their diet and 6 interviewees consumed bear tooth.
Several community members reported that the Xeni Gwet'in have
traditionally made an annual trip up Potato Mountain between Lake
Tatlayoko and Chilko Lake to harvest the wild potato, which is consid-
ered a delicacy. However, several interviewees reported that the an-
nual treks up Potato Mountain have diminished since the opening
of the road in 1973 and the arrival of the automobile in the Nemiah
Valley. The roots are typically removed from the ground, washed,
and then fried or baked in the ground under a ﬁre (i.e., pit baking).
Wild onion (Allium cernuum) is another common food item for the
community. Wild onion can be eaten raw or, as normally done with
bear tooth, pan-fried or boiled. The runners of “Silver Root”, presum-
ably Cinquefoil (Potentilla anserine), are appreciated for their sweet-
ness and are eaten after boiling. Only 3 of 14 interviewees reported
eating wild mushrooms (either Morels (Morchella spp.) or pine
mushrooms (Tricholoma magnivelare)), although they are commonly
found in the area.
Traditional activities of members of the Xeni Gwet'in First Nation
and/or greater Tsilhqot'in community together make an important
contribution to the cultural and spiritual well-being of the people ofthe Nemiah Valley. Thirteen of the 14 interviewees attended 4 or
more community cultural gatherings each year and all interviewees
attended at least 1 of the local rodeos per year. The gatherings often
commemorate important events in the past or are used to reinforce
cultural practices and traditions for the younger generation. These ac-
tivities are conducted, for the most part, outdoors in the summer in
dry and dusty conditions and are usually 2–3 days in duration, but
may last up to 8 days. Rodeos, in particular, include activities com-
monly that generate large amounts of dust. Similarly, ranching or
horse riding and breaking can generate large amounts of dust and 4
interviewees reported participating in this activity. Gathering medic-
inal plants and harvesting food plants were also a common activity
for 12 of 14 community members interviewed. It was noted by most
interviewees that trips to collect medicinal plants were conducted ap-
proximately twice per year over 1 or 2 days. It was also noted that the
frequency of trips for seasonal food items has diminished in the last
few years because the crop of berries has been poor. Hunting and ﬁsh-
ing are important traditional activities practised by community mem-
bers with 13 of 14 interviewees reporting some level of participation
in these activities; however, a few of the elders interviewed indicated
that they have not hunted or ﬁshed recently because of their advanc-
ing age. The frequency and duration of hunting and ﬁshing trips var-
ied considerably among interviewees, ranging from a couple of times
per year for 1 or 2 days to daily. Several interviewees commented that
the amount of time spent hunting and ﬁshing is becoming limited be-
cause non-traditional work/employment obligations precluded their
ability to go out on the land to hunt and ﬁsh.
5. Discussion
The climatic conditions typical of the study area, and the tradition-
al food diet, residence conditions and the types of cultural practices
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living in plateaus of the North-western United States, as reported in
the Harper et al. (2002, 2005) exposure assessment of peoples follow-
ing traditional or subsistence lifestyles. The plateaus and the arid
montane areas of the northern Columbia Basin (elevation 718 m)
have an annual precipitation of 478 mm y−1, an average maximum
temperature in August of 28.3 °C, and an average minimum tempera-
ture in August of 12.6 °C (DRI, 2011). The study area (elevation
870 m) has an annual precipitation of 434 mm y−1, an average max-
imum temperature in August of 22.5 °C and an average minimum
temperature in August of 5.1 °C (Environment Canada, 2011). There
is a predominance of ﬁsh and big game in the diet of both groups,
supplemented by berries and roots. Outdoor cultural gatherings,
hunting and food gathering trips and sporting events, with their at-
tendant potential for enhanced soil exposure, are important to both
communities, and are attended on average approximately once per
month in both communities. Thus, if the assumptions underpinning
an exposure scenario for subsistence lifestyles reported in Harper et
al. (2002, 2005) hold true, then the Xeni Gwet'in community is po-
tentially exposed to 400 mg d−1 of soil. The Xeni Gwet'in community
have clearly articulated their resolve in maintaining a traditional life-
style within their traditional territories. As such, the population of the
Nemiah Valley will likely continue to participate in activities that in-
crease their exposure to soil. The ethno-cultural survey results show
that the consumption of traditional foods is a vital component of
the Xeni Gwet'in diet. Moreover, the limited availability of alternative
food preservation methods, the economic pressures on most commu-
nity members and the logistical challenges of obtaining store-bought
foods, suggests that soil exposure from the local sourcing of food and
medicines, and the use of traditional preservation techniques will
continue well into the future. Moreover, the survey results have
shown that hunting and ﬁshing, in addition to the consumption of
large game and ﬁsh, form large and important parts of the Xeni
Gwet'in lifestyle. However, sharing of traditional foods between the
younger members of the community and elders and/or women is
common among Aboriginal peoples, and these individuals will likely
ensure their access to traditional foods. Thus, assessment of tradition-
al hunting and ﬁshing activities in future quantitative soil ingestion
studies would be representative of soil exposure by members of the
community following a traditional lifestyle.
6. Conclusions
The traditional lands of the Xeni Gwet'in in the Nemiah Valley B.C.
have ecosystem characteristics and habitats that support the traditional
lifestyle of the inhabitants. The Xeni Gwet'in First Nation government
has clearly articulated the importance of a traditional lifestyle to the
well-being of the community. The environmental conditions and the
types and frequency of traditional activities practised by the members
of the Xeni Gwet'in community interviewed are similar to the subsis-
tence lifestyles of indigenous communities living in rural or wilderness
areas of theNorth-western United States,where soil exposure scenarios
that are in the order of hundreds of mg d−1 have been proposed. These
soil exposure rates are much higher than the guidelines recommendedby regulatory agencies for the HHRA of contaminated sites. Given the
paucity of quantitative soil ingestion data for people following a tradi-
tional lifestyle typical of many rural or wilderness areas, soil ingestion
studies in remote communities engaged in traditional activities and
consuming traditional foods are warranted. Moreover, assessment of
soil ingestion of hunting and ﬁshing activities would be representative
of Xeni Gwet'in community members following a traditional lifestyle.
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